Material preparation.
Preparation of microsphere consists of TiO 2 with etched {001} facet. Hydrochloric acid (1.5 M) was used to adjust the pH of deionized water to around 2.1. Titanium tetrafluoride (TiF 4 , Aldrich Chemical) was then dissolved in this solution to a concentration of 0.04 M, which changed the pH to 1.8. In a typical experimental procedure, 14.5 mL of 0.04M TiF4 aqueous solution and 13.38 mL of isopropyl alcohol （IPA）were mixed in a 50 ml of beaker by magnetic stirring for 30 min，and then 0.5 ml hydrofluoric acid solution (5 wt%) were mixed in the above mixed solution and stirring for another 30 min，and the mixture solution then transferred into a dried Teflon-liner stainless steel autoclave with a volume of 100 mL. The autoclave was kept at 180 C for 6 h in an electric oven. After reaction and being cooled to room temperature, the white powder was harvested by high speed centrifugation and washed with ethanol and distilled water for several times. For comparison, the hydrothermal reaction time was varying from 1 h to 12 h to obtain TiO 2 microsphere with different morphology. The prepared TiO 2 micro-sphere denoted as TS-X h, which X presents the hydrothermal reaction time.
Preparation of intact-and etched-TiO 2 .
The detail preparation method is reported elsewhere. 1 specific surface area (SBET) was determined by a multipoint BET method by using the adsorption data within the relative pressure (P/P 0 ) range 0.05-0.3.
Photocatalytic properties of hydrogen production. The photocatalytic hydrogen production were examined in a Pyrex top-irradiation type reaction vessel connected to a closed gas circulation system. Before irradiation, the reaction system was evacuated to ensure complete air removal, and then irradiated from the top side using a 300 W xenon lamp. A flow of cooling water was used to keep the reaction suspension at room temperature. Photocatalyst, 0.1 g, was dispersed in 100 mL of aqueous solution containing 90 mL of deionized water, 10 mL of absolute methanol (as the sacrificial reagents) and 0.5 ml 1 wt% chloroplatinic acid aqueous solution. Before irradiation, the photocatalysts were completely dispersed by sonication treatment for 30 s. Gas chromatography (Agilent; GC-7890A, MS-5A column, TCD, Ar carrier) was used to analyse the evolved gases.
Measurement of hydroxyl radical (OH)
The photocatalytic activities of the photocatalysts were further studied by detecting hydroxyl radicals (OH) using terephthalic acid as a probe molecule under light illumination. 2, 3 Typically, 10 mg of photocatalyst was added into 50 ml of 1×10 3 M terephthalic acid aqueous solution with a concentration of 0.5×10 2 M NaOH. The mixed solution was stirred incessantly, and after every 15 min, 3 ml solutions were extracted to test the generation of OH, which was evaluated by measuring the change of FL intensity emitted from 2-hydroxyterephthalic acid at 425 nm excited by 315 nm light on afluorescence spectrophotometer (F-7000, HITACHI, Japan).
Calculating the exposed percentage of {001} facets：According to the literature reported elsewhere 4, 5 , the percentage of {001} facets can be calculated using follows equation： 
